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Using language science to better connect, understand, and build Al.
Using Al to advance language science.
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Multilingual Al LLM Interpretability Language & Cognition Al for Humanities
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Al for Language Science

We use language models and computational methods as research

01

Language Science for Al

We use linguistic knowledge, multilingual evidence, and human
instruments for linguistics, cognition, historical language research,

digital humanities, and neighboring human and social sciences.

language-processing research to explain how language models
work, diagnose cross-lingual and cross-cultural failures, and design

evaluations that better reflect human language behavior. . .
» Computational models of language and cognition

o Low-resource and historical language technologies
o Al-assisted research in the humanities and social sciences

» Mechanistic interpretability of multilingual LLMs
 Cross-lingual knowledge, transfer, and language confusion
» Human-inspired evaluation and model design

iggﬁ.ln;t-. §ﬁﬁ%|ﬂgﬂs E—gﬁﬁiﬁsﬁﬂgﬁ LaSAl Research: https://lasai-sjtu.github.io/research/ 04
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Psycholinguistic

Neurolinguistic

Direct probability measurement

Metalinguistic prompting

Here are two English sentences: 1) A
whisk adds air to a mixture. 2) A cup
adds air to a mixture. Which one is more
acceptable? Respond with either 1 or 2.

Minimal pair probing

classifier
S; = A whisk adds air to a mixture. —» @ —> P(S;) P(S,) Si—> — (W ]—
> internal activation
S, = A i i } 2 P(acceptable) =? /
2 cup adds air to a mixture. —p — P(S,)/ P(S)? p

classifier

A Tand HEE B

internal activation
P(unacceptable) =?

Diagnostic probing

S—>ger— [ W H—» >

internal activation

— P(ul") > P(uzn)?

Language Performance

T

Metalinguistic prompting

Direct probability measurement

? 1 » Language Competence

Neurolinguistic

E—HiESHE, "Ll

JEiE T AR S PIERERAERITE

He et al. (2025b)
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F5=: FFEXEFNERTEN

F£5=:

SRR

BEMESSRERESNFTHARE

S0 BFRADEEERREDRET
—. BRESLENA

EF50: RREMERHBUTE

£57%: PXEBFRAKRRBS FARICDEHRE
ol

5t BESXEXABERMMT—EIETEN
E5/\: KESREERPXETARNEILS
KEE

ES5N: B EEFARETEL

=. £RNAIS KIREHZDEEN
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570 PXAEE LSRN

ACL SemEvaliFil{EEZ kS

Reasoning and Inference

e Task 1: RETECO: A SemEval-2027 Shared Task on Reasoning-Oriented Retrieval
([contact organizers], [join task mailing list])
Abdelrahman Abdallah, Mohammed Ali, Muhammad Abdul-Mageed, Kevin Duh and
Adam Jatowt.

» Task 2:Directional-Consistent Fine-Grained Natural Language Inference (DiCo-
NLI) ([contact organizers])
Jon Felix Apaolaza Larraya, Aitor Soroa, Rodrigo Agerri and Inigo Lopez-Gazpio

Lexical and Compositional Semantics

Task 3: Semantic Change Across Multiple Time Periods ([contact organizers],
[Codabench])

Nina Tahmasebi, Pierluigi Cassotti, Felix Morger, Lucia Siciliani, Eduardo Calo, Pablo
Mosteiro, Stefano De Pascale and Mariia Fedorova

Task 4: Par-PARSEME: A Multilingual Shared Task on Paraphrasing of Idioms
([contact organizers])

Carlos Ramisch, Manon Scholivet, Agata Savary, Takuya Nakamura and Eric Bilinski

Task 5: ComPartMENT - Noun Compound and Particle Verb Compositionality
Prediction in Context ([contact organizers][Codabench])

Filip Mileti¢, Chris W. Jenkins and Sabine Schulte im Walde

Cultural and Cross-Lingual Understanding

Task 6: Multilingual and Multimodal Culturally Grounded Spoken and Visual
Question Answering ([contact organizers]), [slack channel])

Firoj Alam, Shammur Absar Chowdhury, Md Arid Hasan, Nadir Durrani, Fahim Dalvi,
Ebru Arisoy and Usman Naseem

Task 7: CLaS: Cross-Lingual Alignment and Steering of Large Language Models
([contact organizers])

Daniil Gurgurov, Tanja Baeumel, Dana Arad, Anastasiia Sedova, Masha Fedzechkina,
Josef van Genabith, Patrick Schramowski, Marius Mosbach and Simon Ostermann
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‘ — zZsRE
5 3 1= E Edited (en) ; what war did Carlos W. Colby fight in? Korean War§

(zh)| TERW-BUREESS T B E R 2 B R9HR 2 |

Which conflict between two countries did Carlos W. Colby

zsRE, CounterFact, WikiFactDiff S perticlpste Jo7

CounterFact

Edited (en):In which continent is Shinnan Glacier located?
Knowledge:Europe

I E=h4 > 2 (zhy | SRV FITE A B B i S R UL 2 |
E *EIJ-LIZI —= I::lgl:l H:II%D]’/I:\'EZFE Test Query Which mountain is the highest peak on the continent where the

Shinnan Glacier is located?

EH{'&'L:‘ %_ | *ﬁgﬁ%g—ﬁﬁg 7‘|:|< E$§ WikiFact;iff ................ . B

ﬁﬁj*ﬁﬁ%%%ﬂiﬂ%?:ﬂ%% iiziie(;;i Eﬁ;OWhiCh team does Masaki Yamamoto play? Team

IZIRAELTIGNARE (IKE) , TEEMMERS

Nie et al. (2025a) 28
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An example of cross-lingual IKE

Edited knowledge (source language - en): Zero-shot cross-lingual IKE
When was Darrell Spencer born? 1944 Pro New fact: "When was Darrell Spencer born? 1944"
Mpt Consy,,. .. Questions: "Bei welchem historischen Ereignis wurde Darrell Spencer geboren?" Answer:
Locality query (farget language — de): tion
Bei welchem historischen Ereignis wurde Darrell Spencer geboren? .
'g g One-shot cross-lingual IKE :
= = New fact: "What did Earl Hooker die of? tuberculosis" \
Types of In-context Learning Demonstrations 4 Question: "Was war die Todesursache von Earl Hooker?" Answer: "Tuberkulose” |
( New fact: "In what war did Jesse Orin Creech fight in? World War " ) New fact: "When was Darrell Spencer born? 1944" v
Question: "In welchem Krieg hat Jesse Orin Creech gekampft?" Answer: "Erster Questions: "Bei welchem historischen Ereignis wurde Darrell Spencer geboren?" Answer:
Demo - \ J .
Weltkrieg Zweiter
~ / . » o » Weltkrieg
r{ New fact: "What did Earl Hooker die of? tuberculosis” ) I_l_:_e_!’_-_s_!!_o_t_ _9!9?_?-_'_'[1_9_9_8_'_?'_)_(8‘5_ _I_I_(_E ______________________________________
Question: "Was war die Todesursache von Earl Hooker?" Answer: "Tuberkulose : Demo1 Demo2 Demo3 Demo4 Demo5 Demo6 Demo7 Demo8 ‘ A

New fact: "When was Darrell Spencer born? 1944"

New fact: "What position does Malcolm Partri ? Forward"
Leoaly 5 ge ply Questions: "Bei welchem historischen Ereignis wurde Darrell Spencer geboren?" Answer:

Pl Question: "Wer war der Quarterback der Wikinger 19937" Answer: "Jim McMahon”
\ J

(G New fact: "Who is the architect that designed Toodyay Fire Station? Wyndham Lewis"\
Y Question: "Mit welcher Kunstbewegung ist der Architekt von Toodyay Fire Station in

LU Verbindung gebracht?" Answer: "Wirbel"

Few-shot cross-lingual metric-specific |IKE

Demo1 Demo2 Demo3 Demo4 Demo5 Demo6 Demo7 Demo8

New fact: "When was Darrell Spencer born? 1944"
Questions: "Bei welchem historischen Ereignis wurde Darrell Spencer geboren?" Answer:

31
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used for heating food? zum Erhitzen von Speisen verwendet? 1 7**1“ E

¢ ’ $9¢

“’"l ﬂ"n
o

— /Z J& o / K 4 521 HI‘E%.._,‘
DY | BEY s

[ ET |
coffee maker kettle 3 9¢8 4l RigalR ?—Z‘l_—lln — |:F|Xj'

refrigerator XONOANNbHUK
"w,c"" + "E'I.EH
f5uan:
"EHEENATFIERARY" EEEARNESHRIEIRIEE?
S “EEen” o BiE: "BFIRey”

He et al. (2025a)
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Type Language  Acceptable Sentence Unacceptable Sentence
T Spanish Tostadora se utiliza para calentar alimentos. Cafetera se utiliza para calentar alimentos.
(A toaster is used for heating food.) (A coffee maker is used for heating food.)
. Mdy nuéng bdnh mi dugc sit dung dé ham néng thuc phdm. 7 lanh duogc st dung d€ him néng thuc phim.
Overtap ‘icinaincae (A toaster is used for heating food.) (A refrigerator is used for heating food.)
o-ocopmancs: Himyerian Kenyérpirito ételek melegitésére hasznaljak. Vizforralo ételek melegitésére hasznaljak.
(A toaster is used for heating food.) (A kettle is used for heating food.)
Randss Trkek Broodrooster wordt gebruikt om voedsel te verwarmen. Winterkoning wordt gebruikt om voedsel te verwarmen.
(A toaster is used for heating food.) (A wren is used for heating food.)

Table 1: XCOMPS examples, illustrating each linguistic variant pairs an acceptable sentence (positively matched property) with
an unacceptable counterpart (negatively matched property).

pa £ BIEES FREHE FEHEES:

Taxonomic Overlap Co-occurrence Random

Safliekinl, EEErSIRMRANE X XS
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Neurolinguistic

Direct probability measurement

S2

Metalinguistic prompting

Here are two English sentences: 1) A
whisk adds air to a mixture. 2) Acup
adds air to a mixture. Which oneis more
acceptable? Respond with either 1 or 2.

S; = A whisk adds air to a mixture. —p @ —» P(S1) > P(S,)

A cup adds air to a mixture. —p @ —» P(S3)

P(S2)?

—» P(“1") > P(“2")?

Minimal pair probing
classifier

S—>ge»— [Tl [1—

internal activation /
P (acceptable) =?
classifier

Srrger— I MW 1—

internal activation
P (unacceptable) =?

Diagnostic probing

s> ke —> [T B [— "

internal activation

Language Performance

»

)

Metalinguistic prompting

f

Direct probability measurement

E==ELEX (Direct)

R T ARIE

=Ae/]

? » Language Competence

Neurolinguistic

REREFEN (Neuro)
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Llama-3.1 Instruct Llama-3.1 Base Llama-3.1 Distill

W£10.62 0.66 0.61 0.61 0.69 0.67 0.63 0.61 0.65 0.60 0.60 0.58 0.66 0.60 0.67 0.58 0.58 | 0.67 0.57 0.59 0.56 0.57 0.62 0.63 0.56 0.57 0.64 0.56 0.56 0.55 0.64 0.56 0.58 0.56 0.58 0.61 0.59 0.55 0.56 0.61 0.61 0.63 0.57 0.54 0.62 0.53 0.54 0.58 0.63 0.57 0.55 0.51 0.57

Taxonomic | Meta
Overlap | Meta | (831 0.58 0.62 0.60 0.63 0.66 0.64 0.62 0.56 0.69 0.60 0.60 0.59 0.68 0.62 0.65 0.57 0.57 | 0.68 0.54 0.57 0.55 0.60 0.60 0.61 0.55 0.53 0.66 0.54 0.54 0.57 0.65 0.57 0.57 0.54 0.54 0.62 0.57 0.55 0.53 0.57 0.62 0.59 0.59 0.54 0.66 0.53 0.54 0.55 0.64 0.55 0.59 0.54 0.54

Co-occurrence | Meta | [E8£10.60 0.65 0.59 0.62 0.67 0.63 0.62 0.56 0.66 0.62 0.61 0.61 0.67 0.62 0.68 0.59 0.56 0.53 0.59 0.54 0.59 0.61 0.56 0.56 0.55 0.64 0.55 0.57 0.57 0.65 0.59 0.58 0.55 0.53 0.59 0.58 0.54 0.54 0.56 0.58 0.54 0.56 0.54 0.63 0.53 0.52 0.53 0.63 0.57 0.56 0.56 0.54

Random | Meta

©0.67 0.660.67 0.67 0.62 0.65 0.68 0.65 0.60 0.67 0.61 0.60 | [£84:10.53 0.63 0.57 0.57 0.69 0.57 0.57 0.56 0.61 0.58 0.58 0.55 0.60 0.59 0.55 0.55 0.54 0.67 0.56 0.59 0.58 0.53 0.62 0.55 0.58 0.53 0.61 0.58 0.54 0.52 0.57 0.53 0.58 0.56 0.53

Taxonomic | Direct [#84510.54 0.58 0.59 0.56 0.58 0.56 0.56 0.57 0.54 0.62 0.61 0.63 0.61 0.52 0.58 0.58 0.56 [L&£10.55 0.57 0.59 0.57 0.62 0.58 0.59 0.58 0.54 0.63 0.61 0.63 0.60 0.52 0.58 0.59 0.56 [E¥410.51 0.55 0.56 0.52 0.54 0.51 0.53 0.53 0.49 0.55 0.54 0.60 0.57 0.50 0.56 0.53 0.52

Overlap | Direct [E8£10.54 0.59 0.62 0.59 0.60 0.58 0.58 0.59 0.57 0.63 0.62 0.65 0.61 0.56 0.57 0.61 0.56 [LX:kR 0.54 0.60 0.63 0.59 0.63 0.58 0.60 0.58 0.59 0.65 0.63 0.64 0.63 0.57 0.58 0.61 0.55 [E&#40.52 0.56 0.58 0.55 0.58 0.58 0.58 0.51 0.55 0.59 0.59 0.62 0.57 0.55 0.52 0.56 0.55

Co-occurrence | Direct [84#0.53 0.57 0.58 0.51 0.57 0.56 0.56 0.54 0.54 0.61 0.60 0.62 0.55 0.49 0.54 0.54 0.54 [K:ER0.55 0.57 0.60 0.54 0.59 0.56 0.58 0.55 0.55 0.63 0.61 0.62 0.61 0.51 0.54 0.56 0.53

0.68 o.es .71 0.76 0.75 22 1:74 0.63

N #40.52 0.57 0.58 0.57 0.57 0.55 0.56 0.55 0.51 0.60 0.58 0.59 0.56 0.52 0.59 0.60 0.56 0. 0.58 0.62 0.65 0.58 0.65 0.59 0.59 0.64 0.63 0.65 0.59 0.64 0.61 0.59 0.66 0.63 0.62

074 0.52 0.52 0.55 0.51 0.52 0.53 0.53 0.48 0.51 0.54 0.53 0.59 0.53 0.48 0.50 0.50 0.52

Random | Direct

¢R:¥4 0.60 0.67 ' 0.67 0.67 0.69 0.68 0.64 10.60 0.68 0.68 0.62 [IX:rY0.61 (eR:1¢] 0.55 0.61 0.64 0.58 0.64 0.58 0.62 0.56 0.56 0.66 0.60 ' 0.64 0.55 0.59 0.59 0.56

Taxonomic | Neuro [ER#£0.51 0.56 0.58 0.56 0.57 0.53 0.56 0.55 0.49 0.60 0.57 0.59 0.55 0.51 0.58 0.58 0.55

Overlap | Neuro | 10.49 0.55 0.57 0.56 0.56 0.53 0.56 0.52 0.51 0.58 0.55 0.59 0.55 0.51 0.58 0.58 0.53 0.6.

10.49 0.53 0.56 0.54 0.55 0.52 0.55 0.51 0.49 0.57 0.54 0.58 0.54 0.50 0.57 0.57 0.53 0.59 0.62 0.61 0.62 0.60 0.57 0.61 0.56 0.66 0.60 0.61 0.65 0.64 0.62 0.62 0.62 0.60

WR£:10.50 0.54 0.58 0.55 0.58 0.53 0.59 0.53 0.50 0.60 0.58 0.61 0.57 0.51 0.57 0.59 0.53

. S

Co-occurrence | Neuro

W¢:10.52 0.57 0.59 0.56 0.58 0.54 0.59 0.55 0.51 0.61 0.58 0.61 0.58 0.52 0.58 0.59 0.54 0.6%0.56 0.67 0.60 0.62 0.59 0.59 0.63 0.59 0.64 0.63 0.60 0.66 0.59 0.54 0.62 0.60 0.59

2 @ 7 (- 0.79 0.76 0.79 0.75 0.66 ]

Random | Neuro (1X:230.79 0.76 0.79 0.66 (AR} 0.65

0.66 0.68 0.56 0.59 0.64 0.64 0.63 0.57 0.55 0.56 0.63 0.63 0.58 0.65 0.64 0.54 0.63 0.59 0.57
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WorldCuisinesf35]

Task 1a: Dish name prediction (with corresponding translation example)

Type: Multiple-Choice English Type: Multiple-Choice Japanese (formal)
‘E* el
3 0 1 = & = What is this culinary dish called? CORBIIM L SV E T2
n = = [4) New York roll] [1) s vlb—?ll/] [4) New York roll]
(2) Mille-feuille) (5) Milk rol1 ) @ saza—a)
[3) Milk-cream strudel] [3) SAED—A- Lo b —FR ]
Print only the answer with a single answer id (1,2,3,4,5). 5 \ Print only the answer with a single answer id (1,2,3,4,5).
9¢i£$ ‘ Type: Open-Ended English Type; 0pen.Ended Japanese (casual)
n' A S What is this culinary dish called? ZORPE, ] ?
Print only the answer. | Print only the answer.
Task 1b: Contextualized dish name prediction Task 1c: Dish name prediction with adversarial context
1 OO L\ r r=1 o Type: Multiple-Choice English  Type: Multiple-Choice English
-
E L VAN ) Yesterday | had a nice lunch at a Korean restaurant.

| am about to have this dish now. What is this dish called?
[1) Scotch woodcock ] [4) Gyeran-ppang ]

What is the common name for this dish in Brazil? “

[1) Paganga béreéi] [4) SopaipillaJ

5 : atz rei euf mayonnaise
- 2) Coxinha 5) Empaddo 2) Matzah b: 5) Deuf may
Print only the answer with a single answer id (1,2,3,4,5) | Print only the answer with a single answer id (1,2,3,4,5).

———
7-\1—1‘&% -I‘/D\jnju N i&,;i\\;éu I&'ﬁ Task 2: Location prediction
57 A %ﬂ: r & @/‘_&‘ Type: Multiple-Choice English Type: Multiple-Choice French

Which country made this dish popular? Quel est le pays qui a rendu ce plat populaire?
ﬁ ‘Eiﬁ 59: ‘Eiﬁ£1¢ g% | (D Poland | (@) Greece ) (DD Pologne ) 4) Gréce
.l‘n ﬁi LJ-Ln ﬁl/j ~ X7 / [2) France ] [5) Germany ] [2) France ] [5) Allemagne ]
' 3) Finland 3) Finlande
_Print only the answer with a single answer id (1,2,3,4,5). . Print only the answer with a single answer id (1,2,3,4,5).

Winata et al. (2025) 44
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m 2. Correct context 3. Misleading context

Image only

Image + helpful context

Maybe fried rice or noodles?
(Uncertain)

Region:
South Asia

Cuisine:
Indian

Clues:

Spices, herbs,

basmati rice

Rice + spices + Indian

Al reasoning Al reasoning
Not enough information. i i
Could be many dishes. cuisine — likely a

‘ spiced rice dish.
4+
Al answer Al answer

Vegetable Biryani
(Likely correct)

————==o e~ T = - .

Image + misleading context

Region:
East Asia

Cuisine:
Chinese

Clues:
Soy sauce,
wok-cooked

Al reasoning

Wok-cooked + soy sauce
- likely a Chinese
fried rice dish.

¥

Al answer
Chicken Fried Rice
(Likely incorrect) \

g The same image can lead to different answers depending on context.
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